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ABSTRACT 

Early Jurassic igneous rocks exposed in Casco and Raymond, Maine, intrude quartz monzonite and migmatite 
of the Carboniferous Sebago pluton. Northeast-trending dikes of trachyte, nepheline trachyte, and minor 
lamprophyre emanate from, but in part predate, the spatially associated silica saturated and undersaturated alkali 
syenites of the Rattlesnake Mountain pluton. These rocks, termed the Rattlesnake Mountain igneous complex, are 
assigned to the White Mountain magma series on the basis of age, mineralogy, and texture and constitute the most 
easterly known occurrence of this distinct petrotectonic suite. 

Several bodies of syenite are distinguished by texture, abundance, and proportion offerrohastingsite and biotite, 
and abundance of nepheline. In order of decreasing relative age these are: melanocratic syenite, medium-grained 
biotite-ferrohastingsite syenite, coarse-grained ferrohastingsite syenite, fine-grained chilled syenite, nepheline-bear· 
ing syenite, and nepheline syenite. 

Compositions oftrachyte and nepheline trachyte closely parallel those offerrohastingsite syenite and nepheline
bearing syenite, respectively. However, correlated variations in Sr and Rb abundances and in Ba/Sr values define 
one group of rocks that contain cumulus alkali feldspar, e.g. ferrohastingsite syenite. Compositions of a second 
group are representative of residual liquids and require removal of alkali feldspar, e.g. nepheline syenite and dike 
rocks. The variations of Sc and LREE abundances in the plutonic rocks require fractionation or accumulation of 
minerals, e.g. am phi bole± sphene and apatite, that have partition coefficients >land that preferentially incorporate 
the HREEs. These chemical data are consistent with the accumulation or fractionation of alkali feldspar, amphibole, 
and accessory minerals such as sphene and apatite. The presence of alkali feldspar and hornblende as phenocrysts 
in dike rocks supports this conclusion. 

Outcrops of melanocratic syenite are observed to be mechanical mixtures produced by the intrusion of syenitic 
magma into rocks of lamprophyric composition. Major and trace element abundances generally fall on a simple 
mixing line between these two end member compositions. 

Sr isotopic data from the pluton (Creasy, 1988) indicate an Sr initial ratio of 0.7027. This requires derivation 
of the syenites from melts of strongly depleted mantle or by partial melting of Rb depleted lower crust (mafic 
granulite ?). 

PETROTECTONIC SETTING 

Syenite and nepheline syenite occur at Rattlesnake Moun
tain in Raymond and Casco, Maine (DeMartinis, 1976; Carter e t 
al. , 1979; Whitaker, 1984) and constitute the Rattlesnake Moun-

tai n pluton. Porphyritic trachyte and nepheline-bearing trachyte 
fonn nearly linear swanns of dikes spatia lly associated with the 
pluton (Griffith. 1983). The pluton and dikes together are termed 
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the Rattlesnake Mountain igneous complex and are assigned by 
Creasy et al. (1986) and Creasy (1988) to the White Mountain 
magma series (Billings, 1956). 

The Rattlesnake Mountain pluton has field and petrographic 
characteristics typical of the White Mountain magma series (Fig. 
I). It is clearly discordant with the surrounding granitoids (and 
migmatites) of the Sebago batholith of Carboniferous age 
(Aleinikoff et al., 1985; Hayward and Gaudette, 1984) and has 
a well developed chilled margin. The syenites exhibit massive 
hypidiomorphic-granular textures and lack metamorphic folia
tion although a primary flow texture is developed in some rocks. 
The essential mineral constituents are microperthite, subordinate 
nepheline and ferrohastingsite, and locally biotite and fer
rohedenbergite or aegerine-augite; muscovite and other 
peraluminous minerals are absent. 

In contrast to most intrusive centers of the White Mountain 
magma series, swarms of dikes are associated with the Rattle
snake Mountain pluton (Fig. 2). Dikes of trachyte and 
nepheline-bearing trachyte are thin (cm-scale) and generally 
sparse within the pluton. However, only I km to the northeast , 
52 dikes with an aggregate width of 113 m intrude a zone 1.2 km 
wide. Southwest of the pluton, 42 dikes totalling 47 min width 
occur in a zone 0.9 km wide. The average orientation of these 
dikes is N54°E ± 14° with vertical dip (Griffith, 1983) and is 
controlled by a regional joint orientation (Creasy, 1979). These 
data indicate a NW-SE crustal dilation of 10% and 5%, respec
tively. The dikes decrease in width and number with increasing 
distance from the pluton. Arcuate or ring dikes typically as
sociated with major intrusive centers of the White Mountain 
magma series are lacking here. 

All known occurrences offeldspathoidal syenite in northern 
New England (Fig. I) , including the Rattlesnake Mountain 
pluton, define a nearly linear array that trends N55°E. Most 
occurrences are assigned to the White Mountain magma series: 
for example, Pleasant Mountain (Jenks, 1934; Sanders, 197 1) 
and Randall Mountain (Gilman, 1978), Maine; Red Hill, New 
Hampshire (Pirsson and Washington, 1907; Wellman, 1971 ; 
Size, 1972); and Cuttingsville, Vermont (Eggleston, 1918). 

An Rb-Sr whole-rock isochron age of 205 ± 2 Ma for the 
Rattlesnake Mountain pluton (Creasy, 1988) is consistent 
(±2o)with K-Ar ages (H. Krueger, pers. comm., 1985) of 192 ± 
7 Ma for syenite and of 196 ± 8 Ma for trachyte. These ages fall 
within the older (200-165 Ma) of the two major periods of White 
Mountain magmatism (Foland and Faul, 1977; Eby and Creasy, 
1983; Mc Hone and Butler, 1984 ). The syenites at Red Hill, New 
Hampshire, yield a similar age of 198 ± 3 Ma (Rb-Sr isochrons, 
Foland and Friedman, 1977). However, K-Ar ages for 
feldspathoidal rocks at Pleasant Mountain (Foland and Faul, 
1977), Randall Mountain (Weston Geophysical Research, 1977), 
and Cuttingsville (Armstrong and Stump, 1971) fall within the 
younger White Mountain magma series (100-130 Ma) of Eby 
( l 985a,b,c). Nepheline syenite in Litchfield, Maine (Barker, 
1965) is assigned to the Mesozoic coastal New England igneous 
province (McHone and Butler, 1984) primarily on the basis of 
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significantly older K-Ar dates of 234 ± 5 Ma and 244 ± 5 Ma 
(Burke et al., 1969). 

The ages and regional distribution of these feldspathoidal 
syenites hint at some long-lived lithospheric control for the 
occurrence of undersaturated felsic magmas. The regional trend 
of plutons parallels both the regional orientation of abundant 
mafic dikes of Perrno-Triassic age (McHone, 1978) and of dikes 
of the Rattlesnake Mountain igneous complex. This trend, 
N55°E, intersects at high angle the NNW trend of the 
voluminous, oversaturated intrusives of the White Mountain 
magma series (Fig. I). Hence, while early Mesozoic magmatism 
is considered an expression of rifting (Creasy and Eby, 1983; 
McHone and Butler, 1984), the the spatial distribution and 
temporal association of mafic magmas, undersaturated felsic 
magmas, and oversaturated felsic magmas likely signal differing 
structural domains within the crust and differing source regions 
within the continental lithosphere. 

The rocks of the Rattlesnake Mountain igneous complex 
exhibit systematic variations in mineralogy, chemistry, and rela
tive age that are the subject of this paper. These data document 
the petrologic evolution of an undersaturated magma system and 
thus provide a rare opportunity to evaluate the formation of 
undersaturated felsic rocks within the continental crust. 

GEOLOGY 

The elliptical pluton is exposed over an area of 8 km2 on 
Rattlesnake Mountain in the northwest corner of the Raymond, 
Maine, 7 1/2' quadrangle (Fig. 3). This mountain is a series of 
several hills joined by low saddles to the main summit (elevation 
1035 ' ) which provide 600 feet of vertical relief on the pluton. 
The main summit is elongate to the northeast with a steep 
southeast-facing slope providing nearly continuous exposure. 
The dikes are best exposed on Pismire Mountain and Tenny Hill 
to the northeast (Fig. 2) and on a ridge paralleling Maine Route 
121 to the southwest of the pluton. These dikes extend to Black 
Cat Mountain, a distance of7 km to the northeast, and to Sebago 
Lake, a distance of IO km to the southwest (Griffith, 1983). 

The Rattlesnake Mountain pluton intrudes granitoids and 
migmatites of the Carboniferous Sebago batholith (Osberg et al., 
1985). DeMartinis ( 1976) described these rocks from the 
vicinity of Rattlesnake Mountain as consisting of a medium- to 
coarse-grained two-mica quartz monzonite (CQM of Table I) 
contain ing inclusions and regionally-oriented septa of 
oligoclase-biotite schist and gneiss. Pegmatite and aplite dikes 
are present in most outcrops of country rock. A narrow arcuate 
body of biotite granite crops out along the northwest margin of 
the pluton. This granite is demonstrably older than the syenite, 
but is inferred to be younger than the quartz monzonite. It is 
distinguished from the quartz monzonite (DeMartinis, 1976) by 
the abundance (-6%) of small schist inclusions, the lack of 
muscovite, the greater ratio of alkali feldspar:plagioclase, and 



74 ° 

45° 

44 ' 

43° 

74° 

e g 
0 

l.. 
I 
I 
I 
I 
I 

Rattlesnake Mountain igneous complex 

73° 72° 

Quebec 

i a 
• /1 It . 

@ Cb / I 
.. I IS' 

qm 

__ : __ (_ 
)l 

-· 
/!P 
\ ~ 

/s· '~ _ _,, op 
,,....- . ..J 

(; 
Vermont ·o 

~ c 

Cuttings ville 
• 

/ 
I 

~/ 
~ 
! 

) 
I 
j 

(". 

) "::> 

-· 

I l.P 
~ 

) New Hampshire ,,,.. e;, 
/' 

) ~ 

7 1° 

• 

I f IS' • \ . /"""· 

. ~ r·J r--·-·-·---.L. _____________ .r- · 

I 
73' 72' 71 ° 

• Plutons of the Mo nteregian Hill s [{\j Plutons ot the White Mountain magma series 

0 50 100 k m - - - - -

+ N 

I 

Maine 

Pleasan t 

1
Mountain 

•Rattlesnake 
Mountain 

70° 

45' 

Litchfield 

• 

44' 

43' 

• Feldspathoidal syenite 

Figure I . Map showing the distribution of the White Mountain magma series and the location of specific localities referred to in 
text. 

65 



N 

I 
J. W. Creasy 

70' 30' 

+44' 00' 

Ratt lesnake 

o 1 km 
L---__J 

~:':.:\~./'.; Enve lope of pro jected azimu ths of d ikes . •.. 
~-J Area of abundant d ike occurrence, 
1,_1 number indicates quant ity of dikes. 

Figure 2. Map illustrating the spatial relations of the Rattlesnake Mountain pluton and associated dike swarm (modified after Griffith, 
1983). 

TABLE I. AVERAGE MODES OF ROCKS FROM RATILESNAKE 
MOUNTAIN IGNEOUS COMPLEX. 

ROCK UNIT1 

CQM HBT NET A-IS NBS NS 

MINERAL 
Orthoclase 24 42±4 39± 6 7 ±4 19 ± 5 4 ± 1 
Oligoclase 34 39±5 40±7 4±1 1 2 
Microperthite 0 4± 1 0 75±7 62± 12 63±2 
Quartz 36 0 0 0 0 0 
Nepheline 0 0 4±2 0 3±2 16 ±2 
Biotitc 5 2± 1 5±3 I ± 1 1 I 
Muscovite 3 0 0 0 0 0 
Ferrohastingsite 0 7 8±3 11 ± 6 12 ± 3 8±2 
Aegirine-augite 0 0 I 3±3 1 2 
Fayalite 0 0 0 tr 0 0 
Zircon tr tr tr tr tr tr 
Apatite 0 tr tr tr tr tr 
Allanite 0 0 0 tr tr 0 
Sphcne 0 tr tr tr tr tr 
Opaques tr 3 2 tr I 1 
Chlorite 0 tr tr 0 tr 0 
Calcite 0 I 0 0 0 
Sericite 0 tr tr tr I 3 
Number of samples 2 5 8 16 7 2 

CQM = quartz monzonite of Sebago pluton, HBT = hornblende trachyte. 
NET = ncpheline.trachyte, FHS = ferrohastingsite sycnite, NBS = nephelinc-
bearing syenite, NS = nepheline syenite. 
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locally, the presence of sodic amphibole. The latter was at
tributed to alkali metasomatism adjacent to the intruding syenite 
(DeMartinis, 1976). This granite is similar to other non-foliated 
subaluminous granites, e.g. the Black Cat granite (Creasy, 1979), 
occurring within peraluminous rocks of the Sebago batholith. 

The pluton (Fig. 3) is composed chiefly of coarse-grained 
ferrohastingsite syenite; nepheline-bearing syenites comprise 
about 20% of exposures. Other minor but distinctive lithologies 
include fine-grained syenite forming a chilled margin to the 
pluton and mafic syenite of hybrid origin. The chilled margin of 
the pluton is well exposed at several locations and dips outward 
at 35° except along the northwest where dips of 76-80° are 
recorded. A lamprophyre dike or plug (?) within the pluton is 
intruded by the ferrohastingsite syenite. The presence of 
hybridized syenites (Fig. 3) suggests that more extensive occur
rences of lamprophyric rocks may have been present prior to 
emplacement of the pluton. As noted above, dikes of trachyte, 
nepheline trachyte, and lamprophyre are thin and generally 
sparse within the pluton. 

Several distinct lithologic units are recognized within the 
Rattlesnake Mountain pluton (DeMartinis, 1976; Carter et al., 
1979; Whitaker, 1984; Creasy et al., 1986). In order of decreas
ing relative age these are (Fig. I): mafic hybridized syenite 
(HYS), medium-grained biotite-ferrohastingsite syenite (FBS), 
coarse-grained ferrohastingsite syenite (FHS), fine-grained 
syenite (CHS), nepheline-bearing syenite (NBS), and nepheline 
syenite (NS). 
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Coarse-grained ferrohastingsite syenite (FHS of Table I) is 
the most abundant rock type. Microperthite and ferrohastingsite 
dominate the mineral assemblage; orthoclase and oligoclase are 
the only other minerals commonly present in greater than trace 
amounts. The feldspar:amphibole ratio ranges from 3: l to 25: l 
(average l 0: I) and although variations are at the outcrop scale, 
no systematic variations in this ratio are seen across the pluton. 
Occasional grains of aegirine-augite are present in thin section 
and usually are rimmed by ferrohastingsite (Fig. 4). Other 
typical accessory minerals include sphene, apatite, zircon, al
lanite, and magnetite. The subhedral crystal shapes of feldspar 
and ferrohastingsite indicate simultaneous crystallization (or 
accumulation) of these two minerals. In nearly all other syenites 
of the White Mountain magma series, amphibole is an intersti
tial, late crystallizing mineral (Creasy, 1974 ). Cumulate textures 
are not recognized within the ferrohastingsite syenite, but this 
does not preclude the presence of significant cumulus alkali 
feldspars (Creasy et al., 1979). The sparsely distributed 
nepheline (-1 grain/m2) is present in the ferrohastingsite syenite 
as interstitial grains; no quartz has been observed in hand 
samples or thin section. 

Medium-grained biotite-ferrohastingsite syenite is found as 
ellipsoidal inclusions (-5-15 cm) within the coarse-grained 
syenice and as a separate body in the center of the pluton. It is 
distinguished from the coarser syenite by a greater abundance of 
biotite (up to 15%), a greater proportion of orthoclase and 
oligoclase relative to microperthite (particularly noted within 
inclusions), and a finer grain size (DeMartinis, 1976). The 
amphibole:biotite ratio ranges from 5:1to1:1 within this unit, 
although no systematic variation is recognized. 

The term hybrid syenite is here used to designate rocks 
resulting from the injection and disaggregation of lamprophyre 
by syenitic magma. Hybrid syenites occur in the southwestern 
part of the pluton and in outcrop range from largely mafic 
material injected by syenitic dikes to largely syenitic material 
with a high color index. In thin section, the latter exhibit a 
disequilibrium mineral assemblage, e.g. strongly zoned 
titanaugite xenocrysts are rimmed by augite and ferrohastingsite 
(Fig. 5). 

Significant amounts of nepheline are present in two units of 
the Rattlesnake Mountain pluton. Nepheline-bearing syenite 
(NBS of Table 1) forms an elongate body in the northern part of 
the pluton. It is medium- to fine-grained and distinguished by 
the presence of 2-10% nepheline. Nepheline syenite (NS of 
Table I) crops out in the northeast part of the pluton. It is readily 
distinguished by its medium-grained bostonitic texture (Fig. 6) 
and up to 15-25% pink angular nepheline (Ne6sKs32, Carter et 
al., 1979). Microperthite is the dominant feldspar in both units. 
Some samples of the nepheline-bearing syenite have a sub-paral
lel feldspar lamination (Fig. 7); similar textures present in 
nepheline-sodalite syenite at Red Hill , New Hampshire, are 
considered by Size (1972) to be of cumulate origin. The late 
magmatic crystallization of nepheline is illustrated by thin sec
tions of nepheline syenite (Fig. 6): nepheline fills triangular 
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Figure 4. Ferrohastingsite syenite (HIS) shows aegerine-augite partial
ly resorbed and enclosed by subhedral ferrohastingsite. Field of view 
is 5.8 mm (long dimension). 

Figure 5. Hybrid syenite (HYS) shows disequilibrium mineral as
semblage of titanaugite resorbed and rimmed by augite and minor 
barkevikite; a reaction rim of ferrohastingsite encases the augite. Field 
of view is 5.8 mm (long dimension). 

interstices formed by randomly arrayed laths of microperthite. 
The nepheline syenite thus appears to represent a quenched 
liquid rather than a cumulus mineral assemblage. Both units 
contain about 8-12% ferrohastingsite and minor aegirine-augite 
and biotite. Weak sericitic alteration of microperthite is noted in 
most specimens of the nepheline syenite. 

The dikes of the Rattlesnake Mountain igneous complex are 
broadly divided into three lithologic types (Griffith, 1983; see 
Table 1 ). These are in order of decreasing abundance (as per
centage of dike population): porphyritic hornblende trachyte 
(75%), porphyritic nepheline trachyte (20%), and lamprophyre 
and basalt (5%). 

Porphyritic hornblende trachyte (HBT of Table 1) forms 
dikes up to 13 m wide, although more than 2/3 of the dikes are 
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Figure 6. Bostonitic texture of nepheline syenite (NS) has randomly · 
arrayed laths of alkali feldspar forming angular interstices occupied by 
nepheline, aegerine-augite, ferrohastingsite, and accessory minerals. 
Field of view is 5.8 mm (long dimension). 

Figure 7. Lamination of alkali feldspar is present in some samples of 
the nepheline-bearing syenite (NBS). Field of view is 5.8 mm (long 
dimension). 

less than 2 m wide. Phenocrysts of orthoclase (typically 30% of 
sample) and hornblende (5%) are set in a fine-grained trachytic 
groundmass consisting of orthoclase, albite, hornblende, mag
netite, and biotite. Some samples are mildly peralkaline with 
minor amounts of aegirine-augite and riebeck.ite present in the 
groundmass. Weak to moderate sericitic alteration of feldspars 
is typical; hornblende phenocrysts are altered to assemblages 
containing calcite, chlorite, and magnetite. A variant of the 
trachyte described as hornblende microsyenite by Griffith (I 9S3) 
contains abundant small partially digested inclusions of cal
careous metasediments. 

Dikes of porphyritic nepheline trachyte (NET of Table I) 
are widely distributed, but most abundant near the pluton (Grif
fith, 1983). Phenocrysts (30% of rock) of zoned albite-

oligoclase, orthoclase, hornblende, biotite, and rarely, nepheline, 
are set in a groundmass that includes the same minerals. 
Nepheline (1-10%) has two distinct occurrences: as rims on 
plagioclase phenocrysts and as grains interstitial to feldspar laths 
in the groundmass. Although nepheline is difficult to discern in 
hand sample and is most easily identified by staining, samples 
with abundant nepheli ne are gray and contrast with the light 
brown typical of the hornblende trachyte. The minor minerals 
of the groundmass and the alteration assemblages are similar to 
those of the hornblende trachyte. 

Mafic dikes are rare and their immediate relation to the 
Rattlesnake Mountain complex may be solely spatial rather than 
genetic, since no comparable mafic plutonic rocks are present 
and mafic dikes are ubiquitous throughout much of southwestern 
Maine. Lamprophyre has a typical Ti-rich mineralogy : 
phenocrysts of unresorbed olivine, titanaugite, and magnetite in 
a groundmass of oligoclase, barkevikite, magnetite, and minor 
titanaugite. Basalt samples contain phenocrysts of partially 
resorbed olivine, augite, and plagioclase in a groundmass which 
consists of plagioclase, hornblende, magnetite, and biotite. 

GEOCHRONOLOGY AND ISOTOPE GEOLOGY 

The si lica undersaturated rocks of the Rattlesnake Mountain 
pluton preclude a magma source containing modal or normative 
quartz and any significant contamination with metamorphosed 
sediments and granitic rocks of the upper crust. The source of 
the critically saturated syenites is not similarly constrained. A 
single parental magma for both saturated and undersaturated 
syenites is suggested, but not required, by the field evidence. 

The Sr isotope systematics of I 0 samples from the Rattle
snake Mountain pluton provide a basis for evaluating the 
source(s) and possible contamination of the parental magma(s). 
Samples of syenite (n = 3), nepheline-bearing syenite (n = 4 ), 
nepheline syenite (n = 2), and chilled marginal syenite (n = I) 
correspond to those analyzed for major and minor elements (see 
Geochemistry). Concentrations of Rb and Sr and their isotopic 
ratios vary widely in these rocks (Table 2), e.g. 87 Rb;86Sr ranges 
from 0.5 to 176. Nine samples define an isochron age of 205.5 
Ma (MSWD = 2.2) and an initial 87sr;86sr of 0.7027 ± 0.004 
(Figs. Sa and 8b). This extremely low initial Sr ratio is consistant 
with depleted mantle values (Eby, I 9S5c) and precludes sig
nificant amounts of contamination with Rb-rich crustal 
materials. The presence of excess radiogenic Sr and of norma
tive quartz in the chilled marginal syenite (Fig. Sb) suggest only 
local contamination during emplacement. 

Contamination may also be evaluated with a plot of initial 
87sr;86sr (@ 205.5 Ma) versus I/Sr for the ten samples (Fig. 9, 
also Table 2). In such a plot, a linear array of data points with a 
non-zero slope would suggest mixing of two components having 
different initial 87 Sr/86Sr ratios (Faure, 1977). Nepheline syenite 
and nepheline-bearing syenite have low initial Sr ratios (general
ly 0.7027 ± 0.00 I) and show no clear evidence of incorporating 
Rb-rich materials. A sample of nepheline syenite has an intia l 
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TABLE 2. ANALYTICAL DATA FOR RB-SR WHOLE-ROCK 
ISOCHRON, RATTLESNAKE MOUNTAIN PLUTON. 

Sample1 
Rb 

(ppm) 
Sr 

(ppm) 

FERROHASTINGSITE SYENJTE: 
HIS 8 81.5 435.0 0.5408±.0067 
FHS 93 77.0 358.4 0.6211 ±.0077 
FHS IO 87.0 200.0 1.2577±.0157 
CHS 11 138.0 83.0 4.8277±.0323 

NEPHELINE-BEARING SYENITE: 
NBS I 87.4 207.1 1.2202±.0152 
NBS 2 87.8 84.6 3.0022±.020 I 
NBS 3 146.7 74.0 5.7462±.0385 
NBS43 135.5 44.7 8.6822±.058 1 

NEPHELINE SYENlTE: 

0.70449±.00056 
0.70461±.00056 
0. 70523±.00056 
0.7267 ±.00056 

0.70507±.00056 
0.71138±.00035 
0.72013±.00036 
0.73009±.00036 

0.702916 
0.702796 
0.70155 1 
0.712602 

0.701506 
0.702607 
0.703341 
0.704717 

NS 53.4 169.2 6.2 80.241 1±2.888 0.93762±.00853 0.703122 
NS 63

.4 187.2 3.2 175.723 1±1.616 1.20855±.003202 0.695023 

, sample descriptors are the same as those used in Tables 2 and 3, and Fig. 3. 
- calculated for 205.5 Ma, decay constant = 1.42 x I 0-1 I. 
3 five powder replicate analyses made of this sample. 
4 high correlation of variations in measured isotopic ratios due Lo slight 

inhomogeneities in powder. 

1.200 0 
1.100 

..... 
Cf) 

<O 
co 

1.000 

--..... Cf) 
0.900 ,.._ 

co 

0.800 

0.700 
0 20 40 60 80 100 140 

87Rb/ assr 

205.5±2Ma 

IR - 0.7027±0.0004 
MSWD - 2.2 

180 

7 8 9 10 

Figure 8. (a) Rb-Sr whole-rock isochron for Rattlesnake Mountain 
pluton (see also Table 2J. (b) Detail of Rb-Sr whole-rock isochron for 
samples with values of 7Rbi86Sr < 10. 

70 

~ 0.716 -------------------...... 
~ 

~ 0.712 •Chilled marginal syenite 
I{) 
0 ... 

C\J 0. 708 ... 
@; 

• CiJ 0.704 - •• 
<O •·-r--.-------------------1 
co • 
~ 0.700-f-
CI) ,.._ 

co 0.696 -

... 

~ _,_ 
.. ~ 0.692 -
c: 

0 
I 

Nephelene syenite • 

I I I 

0.1 0.2 0.3 
1 /Sr 

Figure 9. Variation of initial 87Sr/86Sr of individual samples calculated 
for the isochron age (205.5 Ma). 

87Srf6Sr of 0.695; assuming that 0.7027 is the correct initial 
value yields a calculated age of 202.4 Ma for this sample. This 
slightly younger age is consistent with the relative age of the 
nepheline syenite and its central location within the pluton. 
Syenite, the most abundant rock type and that for which a crustal 
origin might be postulated, also has low initial Sr ratios. The 
sample of marginal syenite is clearly anomalous in this plot; an 
initial 87 Srf6Sr of>O. 7 12 is indicative of crustal contamination. 

These data contrast with isotopic data from other silica 
undersaturated intrusive complexes where higher initial Sr ratios 
and evidence of crustal contamination are observed (see Fig. I 
for locations). Foland and Friedman (1977) report a whole-rock 
Sr initial ratio of 0. 7033 for syenites at Red Hill , New 
Hampshire; mineral isochrons for nepheline syenite have initial 
Sr ratios of 0.70463 and 0.70418. The authors (Foland and 
Friedman, 1977) suggest that syenites and nepheline syenites at 
Red Hill may have had (isotopically) different source regions or 
the same (mantle) source, but with assimilation of crustal 
material indicated for the nepheline syenite. Chen et al. ( 1984) 
suggest a depleted mantle source for several White Mountain 
intrusives (initial 87 Sr/86Sr = 0. 7033-0. 7040), including Red Hill 
and Pleasant Mountain, although all showed isotopic evidence 
for some form of crustal contamination. 

Crustal contamination of mantle-derived melts generally is 
invoked for several silica saturated to oversaturated intrusive 
complexes (initial 87Srf6Sr = 0.7033-0.7038) of the White 
Mountain magma series (Chen et al., 1984; Foland et al., 1985; 
Loiselle, 1978; Randall et al. , 1983) although Eby ( l 985c) notes 
little crustal contamination at Mt. Pawtuckaway, New 
Hampshire. Saturated to oversaturated rocks of the voluminous 
White Mountain batholith have higher initial Sr ratios (0.7039-
0.7060) and originate in the lower crust (Eby and Creasy, 1983). 

The Sr isotopic data for the Rattlesnake Mountain pluton (a) 
indicate that there was no significant contamination of the 
magma by Rb-rich crustal materials and (b) are consistent with 
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the premise that fractionation of a single mantle-derived magma 
gene rated the observed rocks of the Rattlesnake Mountain 
pluton. 

GEOCHEMISTRY 

Twenty whole rock analyses are presented for the Rattle
snake Mountain igneous complex in Tables 3a,b,c; modes for 
these analyzed rocks are given in Tables 4a,b,c. These 
geochemical data document the differences between and within 
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Figure 10. (a) Total alkal is-si lica variation diagram for Rattlesnake 
Mountain igneous complex. Boundary between alkaline and sub
alkaline fields from Miyashiro ( 1978); boundaries separating under
saturated (NE normative), saturated (HY normative) and oversaturated 
(Q normative) compositions from Broustet ( 1986). (b) Magnesia-silica 
variation diagram for Rattlesnake Mountain igneous complex (see 
Tables 3a,b,c). Note logarithmic scale for MgO values. (c) Potash-soda 
variation diagram for Rattlesnake Mountain igneous complex (see 
Tables 3a,b,c). 

the plutonic units and the similar compositional range for dikes 
and pluton. Systematic variations in the concentration of major 
and trace elements generally have been interpreted to renect 
increasing degrees of crystal fract ionation and correlate with 
decreasing re lative age.' Trace element data suggest that some 
samples of ferrohastingsite syenite and nepheline-bearing 
syenite are cumulate rocks. Other samples of these units, as well 
as the nepheline syenite and the dikes represent original or 
frac tionated liquid composi tions (hereafter termed fractionates). 
The hybrid syenites have major and trace e lement abundances 
that generally fall on simple mixing lines between ferrohas
tingsite syenite and lamprophyre. 

Despite the restricted range o f silica values (56-62% ), strik
ing variations are present among the major element ox ides. A 
plot of total alkalis versus si lica (Fig. IOa) illustrates the alkaline 
composition of these rocks. Here, as in the magnesia versus 
silica diagram (Fig. I Ob), the plutonic rocks and felsic dikes form 
a coherent and coincident group. An increase in alkalis and a 
decrease in magnesia correspond w ith increasing modal 
nepheline (Tables 4a,b,c) and with increasing si lica content. 
However, values for the nepheline syenite reverse the trend of 
increasing silica content--sil ica decreases with increasing alkalis 
and decreasing magnesia. Compositions of the hybrid syenite 
are separate and displaced towards those of the mafic dikes. 
Similar trends are shown by other major element oxides, e.g. 
CaO and Ti02, when plotted against silica. 
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TABLE 3a. MAJOR AND TRACE ELEMENT ANALYSES FOR RATTLESNAKE MOUNTAIN PLUTON: NEPHELINE-BEARING S YENITE 
(NBS), NEPHELINE SYENITE (NS}, AND NEPHELINE TRACHYTE (NET).1 

Descriptor2 NBS I NBS2 NBS 3 NBS4 NSS NS 6 NET7 
Bates # 1508 1507 1506 1505 1504 IS i I 1513 

Si02 [wt%] 56.70 58.90 59.60 59.90 57.50 56.00 58.90 
AhOJ 17.10 17.70 18.10 19.10 19.90 21.40 18.20 
FeOtotal 7.91 5.74 5.15 3.81 4.53 2.85 5.44 
MnO 0.27 0.18 0.2 1 0.16 0.17 0.11 0.18 
MgO 0.79 0.28 0.34 0.15 0.03 0.02 0.14 
Cao 2.93 2.01 1.39 0.97 0.90 0.35 0.79 
Na20 5.82 6.06 6.49 7.39 9.04 10.10 7.71 
K10 5.49 6.19 6.38 6.26 5.29 5.76 5.70 
P20 5 0.21 0.08 0.09 0.04 0.04 0.02 0.50 
Ti0 2 0.65 0.33 0.27 0.14 0.03 0.0 1 0.15 
LOI 0.54 0.00 0.23 0. 16 0.70 1.16 0.47 

TOTAL 98.41 97.47 98.25 98.08 98.13 97.78 98.18 

(Na+K)/AI 0.91 0.94 0.97 0.99 1.04 1.07 1.04 

Q 0 0 0 0 0 0 0 
NE 5.2 5.1 6.7 10.8 19.7 27.S 10.8 

Sc [ppm] 6.0 2.7 3.4 0.6 0.5 0.5 0.5 
v 17.4 2.6 1.3 1.0 2.0 0.0 0.9 
Cr 13.9 13.1 16.7 16.7 16.0 11.8 26.7 
Co 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
Ni 9.7 6.6 7.3 11.0 9.0 6.1 10.5 
Zn 147.4 92.0 101.4 70.6 80.0 69.9 100.6 
Rb 87.0 88.0 146.0 136.0 169.0 187.0 180.0 
Sr 207.0 85.0 74.0 42.0 6.2 3.3 46.0 
Zr 670.8 507.7 638.1 830.7 682.0 705.I 1135.6 
Nb 203.9 169.1 159.7 91.2 60.4 33.6 129.5 
Hf 19.0 13.0 15.0 15.0 16.0 15.0 25.0 
Ba 794.6 383.5 3 19.4 90.6 6.2 1.2 113.9 
La 105.0 72.0 83.0 58.0 77.0 32.0 83.0 
Ce 170.0 122.7 128.3 89.9 101.9 50.9 97.6 
Sm 16.1 12.6 9.7 6.0 4.0 2.0 5.2 
Ta 7.0 5.0 6.0 5.0 4.0 4.0 8.0 
Th 11.0 8.0 10.0 7.0 17.0 15.0 27.0 

TABLE 3b. MAJOR AND TRACE ELEMENT ANALYSES OF RATTLESNAKE MOUNTAIN PLUTON: FERROHASTINGSITE SYENITE (FHS), 
CHILL SYENITE (CHS} AND HYBRID SYENITE (HYS). 1 

Descri ptor2 FHS8 FHS9 FHS 10 CHS I I HYS 12 HYS 13 HYS 14 
Bates# 1515 1517 1514 1510 1516 1512 1509 

Si02 [wt. %] 58.50 58.00 57.30 62.20 49.80 54.30 52.30 
A)i03 17.90 18.40 17.40 17.90 18.40 18.40 16.70 
FeOtotal 5.55 5.26 7.18 4.56 8.35 6.94 8.06 
MnO 0.19 0. 15 0.22 0.12 0.22 0. 17 0.21 
MgO 0.58 0.48 0.72 0.16 2.86 2.03 3.59 
Cao 2.35 2.36 2.54 0.94 6.98 4.27 5.92 
Na20 6.08 6.09 5.75 6.20 4.85 5.55 5.17 
KiO 5.36 5.39 5.59 6.09 2.48 4.16 2.80 
P20s 0.17 0.19 0.18 0.03 0.54 0.39 0.38 
Ti02 0.50 0.53 0.65 0.12 1.64 1.26 1.46 
LOI 0.23 0.47 0.85 O.o7 1.00 0.62 0.31 

TOTAL 97.41 97.32 98.38 98.39 97.1 2 98.09 96.90 

Major element analyses determined by X-ray fluorescence (X-ray Assay Laboratories, Inc.}; Sc, Co, Hf. La, Sm, Ta, and Th by instrumental neutron activation 
(X-ray Assay Laboratories, Inc.}; Rb and Sr by isotope dilution (University of New Hampshire); all other trace elements by X-ray fluorescence (University of 
Massachusetts}. 

2 Refer to Fig. 3 for sample location. 
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TABLE 3b. CONTINUED.1 

Descriptor2 FHS 8 FHS 9 FHSIO CHS I I HYS l2 HYS 13 HYS 14 
Bates# 1515 1517 IS l4 1510 IS l6 IS l2 IS09 

(Na+K)/AI 0.88 0.86 0.89 0.94 0.58 0.74 0.69 

Q 0 0 0 0 0 0 0 
NE 2.9 3.6 3.7 0 3.6 4 2.4 

Sc lppmJ 3.7 4.7 3.6 0.8 12.0 7.1 16.0 
v 4.S 3.9 8.9 2.5 101.3 48.7 101.8 
Cr 11.3 17.3 11.4 28.0 44.8 34.I 85.5 
Co 5.0 s.o 5.0 s.o 15.0 12.0 20.0 
Ni 7.2 9.2 8.1 9.3 26.7 20.7 42.3 
Zn 92.3 78.1 110.7 41.4 145.7 JOI.I 11 7.9 
Rb 100.0 81.0 87.0 138.0 80.0 110.0 90.0 
Sr 425.0 435 .0 200.0 83.0 881.0 S9S.O S41.0 
Zr 30 1.8 244.0 400.4 IOIS.2 489.0 386.6 323.8 
Nb 128.S 122.S 184.8 159.3 109.5 108.8 106.3 
Hf 8.0 6.0 11.0 26.0 13.0 9.0 8.0 
Ba 19S7.3 1841.6 726.8 183.2 848.0 1174.3 873.4 
La 66.0 63.0 73.0 77.0 68.0 64.0 65.0 
Ce 9S.7 82.3 118.9 77.8 87.8 83.2 88.S 
Sm 8.9 9.0 11.3 7.3 10.2 8.3 8.6 
Ta 3.0 5.0 S.O 8.0 S.O 4.0 s.o 
Th 4.0 4.0 S.O 18.0 7.0 8.0 7.0 

Major element analyses detem1ined by X-ray fluorescence (X-ray Assay Laboratories, Inc.): Sc, Co. Hf. La, Sm, Ta. and Th by instrumental neutron activation 
(X-ray Assay Laboratories. Inc.): Rb and Sr by isotope dilution (University of New Hampshire): all other trace elements by X-ray fluorescence (University of 
Massachusetts). 

2 Refer to Fig. 3 for sample location. 

TABLE 3c. MAJOR AND TRACE ELEMENT ANALYSES FOR DIKES FROM RATTLESNAKE MOUNTAIN IGNEOUS COMPLEX: MAFIC 
(M), NEPHELINE TRACHYTE (NET) AND HORNBLENDE TRACHYTE (HBT).3 

Descriptor MI S M 16 NET 17 NET 18 NET1 9 NET7 HBT20 
Bates# 860 868 862 863 867 ISl3 874 

Si Ci iwt. %1 43.20 4S.OO S7.30 S7.20 S8.20 S8.90 61.80 
A)z03 13.90 14.70 18.40 18.80 18.00 18.20 17.20 
FeOtotal IS.IO 14.00 6.94 7.60 6.S9 S.44 6.87 
MnO 0.1 8 0.16 0. 18 0.IS 0. 19 0.1 8 0.09 
MgO 8. 13 7.10 0.74 0.88 0.25 0.1 4 0.31 
Cao 8.48 7.52 1.87 1.15 l.S5 0.79 0.64 
Na20 2.67 2.60 6.36 6.SI 6.62 7.71 5.72 
KzO 2.09 1.80 S.43 S.02 6.02 5.70 6.20 
P205 0.41 0.5 1 0.18 0.24 0.06 0.50 0.08 
Ti02 2.86 2.70 0.60 0.72 0.24 0.15 0.36 

TOTAL 97.02 96.09 98.00 98.27 97.72 97.71 99.27 

(Na+K)/AI 0.48 0.42 0.89 0.86 0.97 1.04 0.94 

Q 0 0 0 0 0 0 2.4 
NE 3.4 0 3.1 7.7 0 10.8 0 

Sc !ppm] 28 21 2.8 3 0.9 0.S 4.3 
Cr 240 210 40 so 40 40 so 
Co 43 34 5 8 2 2 
Rb 40 110 120 140 140 180 160 
Sr 540 510 330 320 120 46 120 
Zr 220 170 550 530 770 1136 840 

· Major and minor element analyses detennined by X-ray fluorescence except Sc and Co by instrumental neutron activation: all by X-ray Assay Laboratories. Inc. 
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TABLE 4a. MODES FOR CHEMICALLY ANALYZED SAMPLES OF 
RATTLESNAKE MOUNTAIN PLUTON: NEPHELINE-BEARING 
SYENITE (NBS) AND NEPHELINE SYENTTE (NS). 

Descriptor NBSI NBS2 NBS 3 NBS4 NS5 NS6 
Bates No. 1508 1507 1506 1505 1504 1511 

MINERAL 
Microperthite 71 77 47 75 61 64 
Orthoclase 5 5 37 5 3 5 
Oligoclase I 2 I tr 3 2 
Quartz 0 0 0 0 0 0 
Nepheline 3 2 tr IO 14 18 
Biotite 0 0 I 0 I 0 
Ferrohas tingsite 16 9 13 9 10 6 
Aegirine-augite 2 I I I 3 2 
Fayalite 0 0 0 0 0 0 
Zircon tr 0 0 0 0 0 
Apatite tr 0 tr tr tr Ir 
Allanite Ir 0 0 0 0 0 
Sphene Ir 0 tr Ir 0 0 
Opaques tr 3 tr tr 2 tr 
Sericite 2 tr 0 3 3 

TABLE 4b. MODES FOR CHEMICALLY ANALYZED SAMPLES OF 
RATTLESNAKE MOUNTAIN PLUTON: FERROHASTINGSITE 
SYENITE (FHS), CHILL SYENITE (CHS) AND HYBRID SYENITE 
(HYS). 

Descriptor FHS8 FHS 9 FHSIO CHS I I HYS 12 HYSl3 
Bates No. 1515 15 17 1514 1510 15 16 1512 

MINERAL 
Microperthitc 74 70 73 76 6 26 
Orthoclasc 5 9 3 12 42 36 
Oligoclase 3 2 4 3 2 5 
Quartz 0 0 0 0 0 0 
Ncpheline 0 0 0 0 0 0 
Biotite tr 4 2 0 16 II 
Ferrohastingsite 14 12 14 2 1 12 
Aegirine-augite 3 I 3 tr 12 4 
Fayalite 0 0 0 8 0 0 
Zircon tr tr tr tr tr 0 
Apatite tr tr tr 0 tr tr 
Allanitc 0 0 tr 0 0 tr 
Sphene 0 tr tr 0 0 0 
Opaques 0 tr tr tr tr tr 
Sericite 3 2 I 0 I 2 

Soda equals or exceeds potash (Fig. I Oc) and is substantially 
greater in nepheline syenite. This same relationship is generally 
true at Red Hill (Size, 1972; Quinn, 1937), but potash exceeds 
soda in a greater proportion of samples from that locality. With 
respect to alumina saturation, atomic (Na+K)/AI increases from 
metaluminous values in ferrohastingsite syenite (0.86-0.94) and 
nepheline-bearing syenite (0.91-0.99) to peralkaline values in 
nepheline syenite (l .04-1.07). Dikes show similar values (Table 
3a,b,c). Normative nepheline (NE, Tables 3a,b) ranges from 
about 3% in ferrohastingsite syenite to more than 20% in 
nepheline syenite. The chilled syenite is just saturated, and the 

74 

TABLE 4c. MODES FOR CHEMICALLY ANALYZED SAMPLES FOR 
DLKES FROM RATILESNAKE MOUNTAIN IGNEOUS COMPLEX: 
MAFIC (M), NEPHELINE TRACHYTE (NET), AND HORNBLENDE 
TRACHYTE (HBT). 

Descriptor M 15 M 16 NET 17NET 18 NET 19 NET7 HBT20 
Bates No. 860 868 862 863 867 1513 874 

MINERAL 
Orthoclase 20 17 41 35 36 42 36 
Oligoclasc 29 38 33 44 41 38 44 
Quartz 0 0 0 0 0 0 I 
Nephcline 0 0 5 3 7 5 0 
Biotitc 0 0 3 8 I 8 3 
Ferrohastingsite 18 12 13 6 10 4 7 
Riebeckite 0 0 0 0 2 0 0 
Acgirine-augite 0 0 2 tr 0 tr 0 
Olivine IO 8 0 0 0 0 0 
Zircon Lr tr tr tr tr tr tr 
Apatite I 2 tr tr tr tr tr 
Sphene 0 0 tr tr tr tr 
Opaques IO 20 2 2 2 3 
Chlorite tr tr tr tr tr tr tr 
Calcite 2 tr I I I I I 
Sericite tr tr tr tr tr tr tr 

hornblende trachyte dike contains a small amount of normative 
quartz (Q). To calculate the norms, total iron as analytically 
determined was recast into FeO and Fe203 in the ratio of I. I: I, 
an average value for syenite and nepheline syenite (Le Maitre, 
1976). This value is consistent with those determined for rocks 
at Red Hill (Quinn, 1937), but typically is greater than 2: I in 
syenites from the White Mountain magma series and 
Monteregian Hills (Eby, J 985a, and unpublished data). Norms 
calculated using a larger ratio would show increased amounts of 
nepheline. 

The same general trends noted above for the major elements 
are apparent in the trace element data with some qualification. 
Concentrations of some trace elements, for example Sr and Rb, 
in hybrid syenites do not fall neatly on a simple mixing line 
between end-member compositions. Although these rocks are 
shown on subsequent variation diagrams, they are not pertinent 
to the present discussion and are not discussed further. The 
compositions of dikes and of plutonic rocks show generally 
coherent grouping of trace element compositions, but do not 
exhibit the coincidence shown by the major element oxides, such 
as MgO. This is significant when assessing the composition of 
the parental magma(s) and the extent of feldspar fractionation 
and/or accumulation in the generation of the felsic plutonic 
rocks. To facilitate description of the trace element diagrams, 
analyses in Tables 3a,b,c (and Tables 4a,b,c) are serially num
bered ( 1-20) and have a unit descriptor, for example NET 18. 
Sample locations are indicated in Figure 3. 

Concentrations of Rb and Sr versus silica are plotted on 
Figures 11 a and 11 b. These elements show wide ranges in 
abundance with extreme Sr depletion and Rb enrichment shown 
by nepheline syenite. Mineral/matrix partition coefficients for 



Figure 11 . (a) Variation in Rb abundance as a function of silica content 
for the Rattlesnake Mountain igneous complex (see Tables 3a,b,c). (b) 
Variation in Sr abundance as a function of silica content for the Rattle
snake Mountain igneous complex (see Tables 3a,b,c). 

Rb are much less than l for all rock-form ing minerals except 
biotite (Henderson, .1982). Although present in rocks of the 
Rattlesnake Mounta in complex (Tables I; 4a,b,c), biotite ap
pears late in the crystallization sequence and was not a fractiona t
ing phase. Hence, Rb concentration can be used as an indicator 
of magmatic evolution (Eby, I 985a, p. 429) in these rocks. On 
a plot of Sr versus Rb (Fig. 12a), the usual negative correlation 
of Sr with Rb is documented. Of greater significance are the 
distinctions apparent be tween the dikes and pluton. Nepheline 
trachyte has Rb and Sr concentrations that equal or exceed 
concentrations in nepheline-bearing syenite. The hornblende 
trachyte has greater Rb and Sr than does ferrohastingsite syenite 
or chi lled marginal syenite. 

Ba concentrations in the plutonic rocks do not describe a 
simple variation trend (Fig. 12b). Although overall a negative 
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Figure 12. (a) Variation in Sr abundance as a function of Rb concentra
tion for the Rattlesnake Mountain igneous complex (see Tables 3a,b,c). 
(b) Variation in Ba abundance as a function of Rb concentration for the 
Rattlesnake Mountain pluton. Ba abundances not available for dikes 
except NET 7 (see Tables 3a,b,c). (c) Variation of Ba/Sr as a function 
of Rb concentration for the Rattlesnake Mountain pluton (see Tables 
3a,b,c). Field of probable cumulate samples is outl ined. 
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Figure 12 (Continued). (d) Variation of Ba/Sr as a function of Sr 
concentration for the Rattlesnake Mountain pluton (see Tables 3a,b,c). 
Field of probable cumulate samples is outlined. 

correlation of Ba with Rb is generally indicated, all samples of 
ferrohastingsite syenite and two of nepheline-bearing syenite 
(NBS I and 2, Table 3a) have strikingly different Ba concentra
tions (383-184 1 ppm) for the same low Rb value (-90 ppm). 
Ba/Sr values generally decrease with increasing Rb concentra
tion (Fig. I 2c) and with decreasing Sr concentration (Fig. I 2d), 
but low Rb samples (excluding hybrid syenites) have Ba/Sr 
values that are approximately constant. 

The compositions of dike rocks most closely represent 
liquid compositions, and the variations in trace element abun
dances as shown by nepheline trachyte may approximate a liquid 
line of descent (Fig. 12a). Both plagioclase and alkali feldspar 
generally have partition coefficients »I for Sr (and « l for Rb), 
but partition coefficients for Ba are « 1 in plagioclase and » I in 
alkali feldspar (Henderson, 1982). Thus the variations observed 
in Sr and Rb concentrations (Fig. l 2a) and in Ba/Sr values (Fig. 
I 2b) are consistent with fractionation of alkali feldspar. 

Similar variations in trace element abundances are shown 
by nepheline-bearing syenite. However, the presence of 
cumulus lextures in some samples suggest that less fractionated 
(Rb-poor) samples may be cumulates (NBS 1 and NBS 2, Table 
3a). Furthermore, if hornblende trachyte (HBT 20, Table 3c) or 
chilled syenite (CHS 11, Table 3b) is representative of parental 
compositions for the ferrohastingsite syenite, then the abundance 
of Rb and Sr requires the presence of cumulus alkali feldspar in 
all samples of ferrohastingsite syenite. Additional support for a 
cumulate origin may be indicated by the Ba data. For example, 
Ba concentrations in the plutonic rocks do not describe a simple 
variation trend (Fig. I 2b ). Although overall a negative correla
tion of Ba with Rb is generally indicated, all samples of ferrohas
tingsite syenite and two of nepheline-bearing syenite (NBS I and 
2, Table 3a) have strikingly different Ba concentrations (383-
1841 ppm) for the same low Rb value (-90 ppm). Ba/Sr values 
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Figure 13. Variation in Sc abundance as a function of silica content for 
the Rattlesnake Mountain igneous complex (see Tables 3a,b,c). Note 
logarithmic scale for Sc values. 

decrease with increasing Rb concentration (Fig. I 2c), but the 
group of low Rb samples have Ba/Sr values that are ap
proximately constant. 

The trends in Rb and Sr concentration defined by nepheline 
trachyte and nepheline-bearing syenite are distinct, but converge 
at high Rb values. Protracted fractionation of alkali feldspar 
from liquids on either trend could produce the Rb-enriched and 
Sr-depleted nepheline syenite. 

An alternate explanation (Creasy et al., 1986) suggests that 
Rb-poor samples of ferrohastingsite syenite are representative of 
the parental magma. Fractionation of alkali feldspar could 
produce the observed trends of Ba and Sr depletion and Rb 
enrichment in the plutonic rocks. However, this could not ex
plain the Rb and Sr concentrations observed in the felsic dike 
rocks. 

Scandium abundances decrease with increasing silica con
tent (Fig. 13) and Rb values and are positively correlated with 
Ti02 abundance (Tables 3a,b,c). The scandium content of li
quids is decreased by the removal of clinopyroxene and am
phibole (partition coefficients ~20), biotite (-10), and magnetite 
(-4) (Henderson, 1982). The occurrence of amphibole and 
lesser amounts of clinopyroxene in all rocks and especially as 
phenocrysts in dikes suggests that crystallization of these 
minerals controlled the Sc distribution. Ferrohastingsite syenite 
and nepheline-bearing syenite (NBS 1 and 2, Table 3a) have 
greater Sc values than do felsic dikes. This is consistent with the 
accumulation of amphibole in the plutonic rocks. 



Rattlesnake Mountain igneous complex 

The light rare earth elements (LREE) La, Ce, and Sm 
(Tables 3a,b,c) are approximately constant in total abundance. 
La/Sm values increase exponentially with increasing Rb and 
decreasing Sc, a result of decreasing Sm concentrations. That 
total LREE concentrations remain constant despite the fractiona
tion and/or accumulation of alkali feldspar (partition coefficients 
«I) requires that some other phase control their behavior. Frac
tionation of a major mineral, such as amphibole, with Sc and 
LREE partition coefficients » 1 (Hyndman, 1985, p. 116) and 
preferentially incorporating the heavier rare earths, could ac
count for the observed variation. Other minor minerals, such as 
apatite, have the appropriate partition coefficients (Henderson, 
1982) for the rare earth elements. Given the strong negative 
correlation P20s with Rb (Tables 3a,b,c), continuous crystal
lization and removal of apatite could also account for the varia
tion in rare earth values. 

CONCLUSIONS 

Rocks of the Rattlesnake Mountain igneous complex ex
hibit systematic variations in the concentrations of major and 
trace elements. These variations are the result of accumulation 
or fractionation of alkali feldspar, amphibole, and accessory 
minerals such as sphene and apatite. The presence of alkali 
feldspar and hornblende as phenocrysts in dike rocks supports 
this conclusion. 

The samples ofnepheline trachyte (and possibly nepheline
bearing syenite, NBS 3 and NBS 4) document changes in liquid 
composition resulting from the fractionation of alkali feldspar 
and amphibole from an assumed parental liquid represented by 
sample NET 17. Samples of nepheline-bearing syenite and 
nepheline syenite define a similar fractionation trend, although 
samples NBS 1 and NBS 2 are in part cumulate assemblages. 
Hornblende trachyte and chilled marginal syenite are similar in 
composition to, but more fractionated than, ferrohastingsite 
syenite although the chemistry of the latter suggests they are also 
cumulate rocks. Nepheline syenite represents the final highly 
fractionated residual liquid marked by extreme depletion of Ba, 
Sr and MgO and enrichment in Rb and Th. 

Field relations clearly show that nepheline-bearing syenite 
and nepheline trachyte are younger than ferrohastingsite syenite; 
it is therefore assumed that nepheline trachyte is also younger 
than hornblende trachyte. The restriction of the nepheline-bear
ing syenite to an elongate body on strike with the dike swarm 
(and parallel to a prominent topographic lineament) suggests that 
emplacement of nepheline-bearing syenite and nepheline 
trachyte were synchronous and related events. Likewise, the 
compositional similarity of chilled syenite and hornblende 
trachyte, as well as the lack of trachytic dikes cutting the pluton, 
suggest a similar link between hornblende trachyte and ferrohas
tingsite syenite. The hornblende trachyte and ferrohastingsite 
syenite account for the great bulk of exposed rocks, but the range 
of compositions shown by these units is restricted in comparison 

with nepheline trachyte and nepheline-bearing syenite. Hence, 
silica undersaturated compositions apparently evolved late, but 
rapidly, in the crystallization history if the proportions presently 
observed are representative of the entire pluton. 

The relative position within the magma chamber repre
sented by present erosional levels can be estimated by upward 
projection of dips (-35°) measured along the contact of the 
pluton and country rocks. Calculations by Whitaker ( 1984) 
assuming a spherical pluton would place the roof of the chamber 
about 100 m above the summit of Rattlesnake Mountain. Thus 
present exposures are within the uppermost part (upper margin 
?) of the pluton. 

A petrogenetic model for the Rattlesnake Mountain igneous 
complex assumes the emplacement of a critically saturated 
syenitic magma within highest crustal levels, a process 
facilitated by regional NW-SE extension during Jurassic time. 
-;'he abundant trachytic dikes injected as a NE-SW trending 
swarm were precursors of the ascending magma chamber. Cool
ing at the margins of the magma chamber promoted the inward 
crystallization and accumulation or stagnation (?) of abundant 
alkali feldspar, and lesser ferrohastingsite and clinopyroxene, to 
produce ferrohastingsite syenite. Residual liquids evolved to 
increasingly undersaturated and peralkaline compositions. 
Fracturing of the partially solidified magma chamber, perhaps as 
a result of continued regional extension, tapped the residual 
liquids of this or a subjacent chamber to produce nepheline 
trachyte in the country rock and, within the upper margin of the 
chamber, nepheline-bearing syenite. Flow differentiation or 
syn-crystallization tectonic processes may have separated liquid 
from crystals, producing cumulus fractions within the nepheline
bearing syenite. Solidification of the final residuum yielded 
peralkaline nepheline syenite; the lack of dikes of comparable 
composition and texture preclude forceful injection of this high
ly evolved composition. 

The spatial and temporal association of these plutonic rocks 
and of lamprophyre suggests a possible genetic link: fractiona
tion of a mafic melt within the lower crust or upper mantle 
produces a critically saturated syenitic magma that migrates into 
the upper crust where further fractionation accompanies 
solidification. 
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